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ABSTRACT 

We present the results of a campaign of simultaneous X-ray and optical observations 
of 'true' Type 2 Seyfert galaxies candidates, i.e. AGN without a Broad Line Region 
(BLR). Out of the initial sample composed by 8 sources, one object, IC 1631, was found 
to be a misclassified starburst galaxy, another, Q2130-431, does show broad optical 
! lines, while other two, IRAS 01428-0404 and NGC 4698, are very likely absorbed 

■ by Compton-thick gas along the line of sight. Therefore, these four sources are not 
CN " unabsorbed Seyfert 2s as previously suggested in the literature. On the other hand, we 
O ! confirm that NGC 3147, NGC 3660, and Q2131-427 belong to the class of true Type 

■ 2 Seyfert galaxies, since they do not show any evidence for a broad component of the 
| optical lines nor for obscuration in their X-ray spectra. These three sources have low 

CN| . accretion rates (m = Lboil LiEdd 0.01), in agreement with theoretical models which 

predict that the BLR disappears below a critical value of Lboi/LEdd- The last source, 
Mrk 273x, would represent an exception even of this accretion-dependent versions of 
the Unification Models, due to its high X-ray luminosity and accretion rate, and no 
1 evidence for obscuration. However, its optical classification as a Seyfert 2 is only based 

J-j . on the absence of a broad component of the H/3, due to the lack of optical spectra 

encompassing the Ha band. 

Key words: galaxies: active - galaxies: Seyfert - X-rays: individual: IC1631 - X- 
rays: individual: Mrk273x - X-rays: individual: IRAS 01428-0404 - X-rays: individual: 
NGC3147 - X-rays: individual: NGC3660 - X-rays: individual: NGC 4698 - X-rays: 
individual: Q2130-431 - X-rays: individual: Q2131-427 



* Based on observations obtained with XMM-Newton, an ESA 
science mission with instruments and contributions directly 
funded by ESA Member States and the USA (NASA); with the 
TNG and NOT operated on the island of La Palma by the Centro 
Galileo Galilei and the Nordic Optical Telescope Science Associ- 
ation respectively, in the Spanish Observatorio del Roque de los 
Muchachos; at the Centro Astronomico Hispano Aleman (CAHA) 
at Calar Alto, operated jointly by the Max-Planck Institut fur As- 
tronomie and the Instituto de Astrofisica de Andalucfa (CSIC); 
at the European Organisation for Astronomical Research in the 



1 INTRODUCTION 

The fundamenta l idea behind the standard Unified Model 
|Antonuccilll993h is that type 1 and type 2 Active Galac- 
tic Nuclei (AGN) have no intrinsic physical differences, 
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their classification being instead determined by the pres- 
ence or not of absorbing material along the line-of-sight 
to the object. This scenario has been extremely success- 
ful, although some additional ingredients are needed in or- 
der to_tateJrrto_acco^^ evidence (see 
e.g. lBianchi. Maiolino fc Risaliti 2012, for a review). Among 
the failed expectations of the Unification Model is the lack 
of broad optical lines in the polarized spectra of about 
half of the brightest Seyfert 2 galaxies, even when high- 
quality spe ctropolarimetric data are available (e.g. iTranl 
I200lll2003h . 



These Seyfert 2 galaxies without an hidden Broad 
Line Region (BLR) are obs ervationally found to accrete 
at low Eddington rates fe.g. iNicastro. Martocchia fc Matti 



20031; iBian fc G ul 120071 ; IShu et all 120071 ; IWu et al.l l201ll : 



Marinucci et alj ' 20121 ). This is in agreement with theoret- 



ical models which predict that the BLR disappears below 
a certain critical value of accretion rate and/or luminos- 
ity ( e.g. INicastro! 120001 : lElitzur fc Hoi 120091 : ITrump et ail 
1201 ll ). If the BLR cannot form in weakly accreting AGN, 
we expect the existence of the unobscured counterparts of 
the non-hidden BLR Seyfert 2 galaxies, that is, optically 
classified Type 2 objects, without any evidence of obscu- 
ration in their X-ray spectrum. In the last ten years, a 
significant number of such 'true' Type 2 Seyfert galaxies 
have been claimed i n the l iterature fe.g. [Pappa et al.ll200 



Panessa fc Bassani 20021; Boiler et al 
20051 : iGliozzT Sam bruna fc Foschinil 
20081; iBrightman fc Nandral 120081; [Panessa et all 120091: 
Shi et al.| |2010| ; iTran. Lvke fc Maderl l201ll ; ITrump etail 



.20031 ; IWolter et al 
20071: ' 



Bianchi et al 



2011] ). with one case in which the BLR is present but 



characterised by a n intrinsically high Balmer decrement 
|Corral et alj|2005h . Most of these sources have the low ac- 
cretion rates/luminosities required by the above-mentioned 
theoretical models. 



Nevertheless, an homogeneous and unambiguous sam- 
ple of true Type 2 Seyfert galaxies is still missing. One of 
the main issues is that sources may be highly variable and 
may change their optical and/or X-ray appearance in dif- 
ferent observations. These changing-look AGN are not un- 
common. In some cases, this behaviour is best explained 
by a real 'switching-off ' of the nucleus (see e.g. G illi et alj 
2000:; iGuainazzi etai1l2005l ), but a variable column density 
of the absorber appea rs as the best explanation in the ma- 
jority of the cases fe. g.lElvis et al.ll2004:lRisaliti et al.ll2005l ; 
iBianchi etal1l2009bl ; lBianchi. Maiolino fc R isaliti 20121 and 
references therein). If the optical and the X-ray spectrum 
are taken in two different states of the source, it is clear 
that the disagreement between the two classifications may 
be only apparent. Therefore, the key to find genuine un- 
absorbed Seyfert 2s is to perform simultaneous X-ray and 
optical observations. Only two unabsorbed Seyfert 2 candi- 
dates had been observed so far simultaneously in the X-rays 
and in the optical band, leading to the discov ery of two un- 
ambi guous true type S eyfert 2s: NGC 314 7 l|Bianchi et alj 
I2008T ) and Q2131-427 l|Panessa et alj|2009h . In this paper, 
we report on the results of the complete systematic cam- 
paign of simultaneous X-ray and optical observations of 8 
true Type 2 Seyfert galaxies candidates. 



2 THE SAMPLE 

In order to build a comprehensive sa mple of unabsorbed 
Seyfer t 2 candidates, we started from the lPanessa fc Bassanil 
(2002) sample, which includes 17 type 2 Seyfert galaxies 
with an X-ray column density lower than 10 22 cm -2 and 
very unlikely to be Compton-thick, as suggested by isotropic 
indicators. We selected a conservative subsample, exclud- 
ing the sources where an intrinsic column density (even if 
much lower than the one expected from the optical proper- 
ties) is actually measured. Therefore, we only choose sources 
which are genuinely unabsorbed, in the sense that no col- 
umn density in excess of the Galactic one has ever been 
observed in the X-rays, with tight uppe r limits (at most 
few 10 21 cm -2 : IPanessa fc Ba ssani 2002]). Moreover, three 
other sources (NGC 4565, NGC 4579 and IRAS 20051- 
1117) were excluded because were found to be misclassified 
in the op tical, all having broad components of the emis- 
sion lines (|Ho et al.lll997l ; rGeorgantopoulos et al.ll2~004l ). An- 
other one (NGC 7590) was found to be a Compton-thick 
Seyfert 2 domi nated by a nearby off-nu clear ultra-luminous 
X-ray source (|Shu. Liu fc Wane! |20ld ). while NGC 7679 
is dominated by starb urst emission in the optical band 
(|della Ceca et al.ll200ll ). 

To the remaining five objects, we added two sources 
belonging to a sample of 'naked' AGN, i.e. spectroscopi- 
cally classified as Seyfert 2s, but with very large amplitude 
variations in the Bj passband, typical of type 1 objects, 
where th e nucleus is dir ectly seen without intervening ab- 
sorption |Hawkinsll2004l ). The sources included in our sam- 
ple were sele cted from the three objects with Cha ndra data 
presented bv lGliozzi. Sambruna fc Foschinil (|2007h . support- 
ing their unabsorbed nature, excluding Q2122-444, which, 
re-observed simultaneously with XMM-Newton and NTT, 
revealed the presence of broad optical line components, 
thus ruling out the true type 2 hypothesis dGliozzi et alj 
2010). Finally, we added to our sample NGC 3660, a very 
promising unabsorbed Seyf ert 2 candidate suggested by 
Bright man fc Nandral i|200Sh . 

The final sample (Table [TJ is constituted by 8 sources, 
which we observed with XMM-Newton. As mentioned in 
the Introduction, to avoid any possible misclassification due 
to variability of the sources, we coordinated all the XMM- 
Newton observations with quasi-simultaneous ground-based 
optical spectroscopy. As a final note, we would like to stress 
that, given the heterogeneous selection methods described 
above, this sample is by no means complete in any sense. 



3 OBSERVATIONS AND DATA REDUCTION 
3.1 XMM-Newton 

The XMM- Newton observations of the sources of our sam- 
ple are listed in Table [T] In all cases, the observations were 
performed with the EPIC CCD cameras, the pn and the 
two MOS, operated in Large and Small Window, respec- 
tively, and Medium Filter. Data were reduced with SAS 
8.0.0 and screening for intervals of flaring particle back- 
ground was done consistently with the choice of extrac- 
tion radii, in an iterative process based on the procedure 
to maximize the signal-to-noise ratio described in detail 



by IPiconcelli et al.1 (|2004l ) in their Appendix A. The back- 
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Table 1. The sample of true type Seyfert 2 candidates analysed in this paper, along with the details of the quasi-simultaneous X-ray 
and optical/NIR observations. 



Name 


z 


Obs. 


XMM-Newton 
Date OBSID 


Exp. 


Obs. Date 


Opt 

Instr. 


cal/NIR 
Slit 


Exp. 


Range 


A/AA 


IC 1631 


u.uouyoo 


2006 


11-23 


0405020801 


22 


ZUUO- i £—\J± 


V Li 1 / f LJiXoZf OUU V 


1 0" 


1200 




j ' i 


IRAS 01428-0404 


0.018199 


2008- 


08-03 


0550940201 


18 


2008-07-30 


CAHA/CAFOS/G-100 


1.8" 


1800x2 


4900-7800 


880 






2010- 


05-13 


0651360301 


14 


















2010- 


05-15 


0651360501 


IS 




TNG/LRS/LR-R 










Mrk 273x 


0.458000 


2010- 


05-17 


0651360601 


14 


2010-05-17 


1.0" 


1800 


4470-10073 


714 






2010- 


06-26 


0651360701 


11 


























2006-10-04 












NGC 3147 


0.009346 


2006- 


10-06 


0405020601 


17 


2006-10-05 


OSN/Albireo 


2.0" 


1800x6 


4000-7000 


1500 














2006-10-09 
























2010-01-15 


NOT/ALFOSC/Gr7 


0.5" 


300x2 


3850-6850 


1300 














2011-02-04 


TNG/LRS/LR-B 


0.7" 


120 


3000-8430 


835 


NGC 3660 


0.012285 


2009- 


06-03 


0601560201 


IS 


2011-02-04 


TNG/LRS/LR-R 


0.7" 


60 


4470-10073 


1020 














2011-00-00 


TNG/NICS/IJ 


0.75" 


360x4 


9000-14500 


665 














2011-00-00 


TNG/NICS/JS 


0.75" 


945x4 


11700-13300 


1600 


NGC 4698 


0.003366 


2010- 


06-09 


0651360401 


33 


2010-12-28 


NOT/ALFOSC/Gr7 


0.5" 


30x2 


3850-6850 


1300 


Q2130-431 


0.266 


2006- 


11-13 


0402460201 


32 


2006-12-20 


NTT/EMMI/Gr4 


1.0" 


1200 


5500-10000 


613 


Q2131-427 


0.365 


2006- 


11-15 


0402460401 


27 


2006-12-20 


NTT/EMMI/Gr4 


1.0" 


1200 


5500-10000 


613 



Notes: Col (1): Source; Col. (2): redshift (NED); Col (3-5): XMM-Newton observation date, OBSID and exposure time (ks); Col. (6-11): Optical/NIR 
observation date, instruments, adopted slit, exposures (s), wavelength range (A) and resolution. 



ground spectra were extracted from source-free circular re- 
gions with a radius of 50 arcsec. The MOS data have been 
only used when the number of counts in their spectra was 
high enough to significantly help in the analysis. Finally, 
spectra were binned in order to oversample the instrumen- 
tal resolution by at least a factor of 3 and to have no less 
than 20 counts in each background-subtracted spectral chan- 
nel. The latter requirement allows us to use the \ 2 statis- 
tics. When the number of counts is too low (as in the cases 
of IRAS 01428-0404 and NGC 4698), we perf ormed a bin - 
ning with less counts per bin, and adopted the lCashl (Il976t ) 
statistics. Similarly, in order to look for the iron Ka emis- 
sion lines in low-counts spectra, we also performed local 
fits with the unbinned spectra (in a restricted energy band 
of 350 channels centered around rest-frame 6.4 keV) with 
the Cash statistics (see e.g.lGuainazzi. Matt fc Perolail2005l : 
iBianchi. Guainazzi fe Chiabergell2006t ). 

In the following, errors and upper limits correspond to 
the 90 per cent confidence level for one interesting parame- 
ter (A^ 2 = 2.71), where not otherwise stated. The adopted 
cosmological parameters are H = 70 km s" 1 Mpc" 1 , 
SIa = 0.73 and H m = 0.27 (i.e. the default ones in xspec 
12.7.1: lA7naudlll996l ). 

3.2 Optical data 

Optical spectroscopy of our 'true' Seyfert 2 candidates was 
obtained in a variety of ground-based telescopes and instru- 
ments, as detailed in Table Q] All the optical observations 
took place within a few days up to few months of the XMM- 
Newton X-ray observations. For the purposes of our study, 
these observations can be considered 'simultaneous', since 
we expect the optical spectroscopy and the X-ray observa- 
tions to map essentially the sources in the same configura- 
tion. 

X-ray absorption variability has been observed on a 



large number of sources in time-scales as short as less than 
a day, including te mporary 'eclipses ' of otherwise unob- 
scured objects ( e.g lElvis et all |2004| ; [Risaliti et al.l [20051 ; 
Elvis et alj|2004 iPuccetti et alil2007l ; IBianchi et al.N2009bl ; 
Risaliti et al.l201lT ). However, absorption on these scales, be- 
ing well within the sublimation radius and hence dust-free, 
cannot affect the reddening of the BLR. Therefore, these 
short-term variability could only explain the observation of 
an X-ray obscured Seyfert 1 galaxy (if observed when the 
cloud absorbs the X-ray source), but not the X-ray unab- 
sorbed Seyfert 2 galaxies we are interested in. 

On the other hand, the BLR can only be reddened by 
an absorber at a distance greater than the dust sublimation 

1/2 

radius, which can be roughly written as ra — 0.04 L 43 pc, 
with L43 bein g the bolometric luminosity in 10 43 erg s" 1 
(adapted from Barvainisl [l987l ). In order to cover the en- 
tire BLR, a cloud must have at least the same dimensions, 

1/2 

which again can be roughly expressed as rt — 0.008 L 43 pc 
(adapted from th e relationship for the H/3 line presented in 
iBentz et al.1l2009T l. The minimum time t m needed in order 
to completely cover or uncover the BLR is, therefore, the 
crossing time of such a cloud: v — r /t m . Assuming that 
the cloud is in Keplerian motion around the central BH at 
distance td, we find an estimate of t m as 

t m = 7.9 x 10 7 L% A M~ 1/2 s (1) 

Therefore, even the ~ 6 months delay between the X- 
ray and optical observation in NGC 3660 is safely shorter 
than the minimum variability time-scale for a reddening 
change of the BLR estimated for this source, which is few 
years from the above formula and the BH mass and bolo- 
metric luminosity reported in Sect. 15.31 

The optical long-slit spectrographs used had a variety 
of spectral dispersions, typically dubbed 'intermediate', i.e. 
enough to measure the width of an emission line of sev- 
eral 100 km s _1 intrinsic width. Observations were done 
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Table 2. Optical line diagnostics from the analysis of the optical 
spectra of our campaign (ratios are expressed in decadic loga- 
rithms). Classifi cations (SB: Starbur st; SI: Seyfert 1; S2: Seyfert 
2) are done after lKewlev et al.l ((2006;), and references therein (see 
Fig.0. 



Source 


[Nil] 
Ha 


[OIII] 
H/3 


[S II] 

Ha 


[OI] 
Ha 


CI. 


IC 1631 


-0.58 


0.08 


-0.63 


-1.53 


SB 


IRAS 01428-0404 


-0.20 


0.71 


-0.57 


-1.08 


S2 


Mrk 273x 




0.85 






S2? 


NGC 3147 


0.3 


0.85 


0.2 




S2 


NGC 3660 (NOT) 


-0.21 


0.48 


-0.55 


-1.49 


S2 


NGC 3660 (TNG) 


-0.16 


0.63 


-0.60 


-1.43 


S2 


NGC 4698 


0.42 


> 0.93 


-0.10 


< -0.54 


S2 


Q2130-431 


0.23 


1.03 


-0.29 




SI 


Q2131-427 


0.12 


0.97 






S2 



with the slit oriented in parallactic angle in order not to 
loose flux at bluer wavelengths. The data were reduced us- 
ing standard processing techniques, including de-biassing, 
flat-fielding along the spectral direction, arc lamp wave- 
length calibration, spectral extraction and background sub- 
traction from the nearby sky and approximate flux recti- 
fication using spectrophotometric standard stars (but not 
correction for slit width). Statistical errors were properly 
propagated through the whole process, enabling us to per- 
form statistical modelling of patches of the spectra, which 
we used to deblend and characterize emission lines. We 
typically took spectral regions around the H/3A4861 and 
[O lll]A5007 emission lines and the HaA6563 and [N n]A6583 
lines. Spectra were fitted, via \ 2 minimisation, by mod- 
elling the continuum as a powerlaw or a spline function, 
and each line component as a Gaussian. In order to disen- 
tangle any broad component of the Ha, we assumed that 
(i) F([NII] A6583)/F([NII] A6548) = 3, as required by the 
ratio of the respective Einstein coefficients, (ii) A2/A1 = 
6583.39/6548.06 and (hi) the [Nil] lines are Gaussians with 
the same width. With the exception above, the central wave- 
lengths of all lines were left free, not constraining them to 
have a fixed ratio between them or to be at the expected 
redshift. The line flux ratios were then plotted in the dia- 
grams shown in Fig. [1] where the separations between Star- 
b urst galaxies, Seyfert galaxies and LINERs are marked as 
in lKewlev et"aH (|2006l ). 

4 SPECTRAL ANALYSIS 
4.1 IC1631 

The spectral clas si ficatio n of this source as given by 
iPanessa fc Bassanil (2002) was rather ambiguous, because 
of the lack of a measured flux of [Oll6300. Indeed, their op - 
tical data was taken from ISekiguchi fc Wolstencroft] (|l993l ) , 
who c lassified IC 1631 as a star burst galaxy. On the other 
hand, iKirhakos fc Steinerj (|l990T ) opted for an AGN classi- 
fication, based on the large FWHM of the [O in] line. The 
optical line ratios derived from our high-quality spectrum, 
shown in Fig [5] all clearly points to a classification as a star- 
burst galaxy (see Tables [2] and [3j and Fig. [T]), with no sign 
of AGN activity in this galaxy. 



Table 3. IC1631: optical emission lines in the ESO spectrum (see 

Fig. [g. 



Line 


Ai 




FWHM 


Flux 


(1) 


(2) 




(3) 


(4) 


Hd 


4861. 


.33 


490 ± 50 


2.8 ±0.3 


[Oiii] 


4958. 


.92 


540 ± 60 


1.0 ±0.2 


[Oiii] 


5006. 


.85 


540 ± 60 


3.4 ± 0.4 


[Oi] 


6300 


.32 


1000 ± 700 


0.4 ±0.3 


[Nn] 


6548. 


.06 


415 ± 40 


1.19 ±0.03 


Ha 


6562. 


.79 


414 ±18 


13.5 ±0.6 


[Nn] 


6583. 


.39 


415 ±40 


3.58 ±0.09 


[S 11] 


6716. 


.42 


430 ± 50 


1.8 ±0.3 


[S 11] 


6730. 


.78 


430 ± 50 


1.4 ± 0.3 



Notes.- Col. (1) Ident ification. Col (2) Laboratory wavelength 
(A), in air fBowcn 1963). Col. (3) km s — 1 (instrumental resolution 
not removed). Col. (4) 10 — 14 erg cm -2 s — 1 . 

In X-rays, IC 1631 had never been observed before our 
campaign, with the only exception of a non-detection by 
Ginga, with a very loose upper limit for the 2-10 keV flux of 
1 x 10 ~ n erg cm 2 s -1 , as it wa s likely contaminated by Abell 
2877 l|Awaki fc Kovama| [i993). Although the source is quite 
faint, the XMM-Newton EPIC pn image appears extended, 
with roughly an excess in counts of 40-80% with respect to 
the PSF between 10 and 15" , and no variability is observed. 
The X-ray spectrum can be fitted (x 2 = 14/13 d.o.f.) with 
a simple powerlaw (r = 2.0 ± 0.3), absorbed only by the 
Galactic column density (Fig. [3j) . Any absorption in excess, 
at the redshift of the source, can be constrained to be lower 
than 4 x 10 20 cm -2 . No iron line is required by the data, 
with an upper limit to its flux of 2 x 10~ 7 ph cm~ 2 s _1 in 
a local fit to the unbinned spectrum (due to the low level 
of continuum at this energy, no upper limit to the EW can 
be estimated). More refined models cannot be tested due to 
the low quality of the spectrum. However, the addition of a 
thermal component (apec in xspec) gives a very good fit 
(X 2 = 7/11 d.o.f.) with kT=0.3±E!; 2 keV and T = 1.5±0.3, in 
agreement with the exp ectations for starburst galaxies (e.g. 
iPersic fc Rephaelilliooa ). 

The 2-10 (0.5-2) keV flux is 3.0 ±1.0 (2.3±0.3) xlO" 14 
erg cm -2 s _1 , corresponding to a 2-10 keV luminosity of 
6.6 ± 2.1 x 10 40 erg s _1 . This luminosity would correspond 
to a star formation rate of ~ 10 — 15 Mp/yr, according t o 
the relations presented in lRanalli. Comastri fc Settil (2003), 
which is well in the range of local starburst galaxies (e.g. 
ISargsvan fc Weedmaijkoogl ). 

4.2 IRAS01428-0404 

IRAS 01428-0404 was optically class ified as Seyfert 2 b y 
M oran, Halpern fc Helfandl (| 1996ft and lPietsch et al.l l|l998h . 
In our new optical spectrum (Fig. |4}, the line ratios all 
clearly confirm this classification (see Tables [2] [4] and 
Fig. E) . 

In X-rays, IRAS 01428-0404 was detected in the ROSAT 
All-Sky Survey (performed in the second half of 1990) with 
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.IC1631 \ 


»IC1631 \ 


LINER 


.IC1631 \ / 


LINER 


0.5 


Starburst 


\ \ : 

Composite 


Starburst \ 




Starburst \ 




1.0 





D ^ 


, i , , , , i , , , i n 


, , , i , , 


, i i i t i i. t i t t i A i 


, , i , , , , 




-1.5 -1.0 


-0.5 0.0 0.5 
log[NII]/Ha 


-1.0 -0.5 0.0 
log[SII]/Ha 


0.5 


-2.0 -1.5 -1.0 
log[OI]/Ha 


-0.5 



Figure 1. Optical line diagn ostic diagrams from t he analysis of the optical spectra of our campaign. Arrows indicate upper/lower limits. 
Classifications are done after iKewlev et alj 1120061 ) ■ and references therein (see Table [2]l. 
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Figure 2. IC 1631: ESO optical spectrum and best fit (see Table |3j. 



a 0.1 -2.4 keV flux of 6.3 x 10~ 12 erg s" 1 cm" 2 (jBoller et all 
1 19921 ). but the identifica t ion w as subsequently dubbed as 
insecure by iBoller et all (|l998l l. and by ASCA (in 1997) 
with a reported 2-10 key flux of 4 x 10" 13 erg s _1 cm" 2 
|Panessa fc Bas sani 2002). As for our XMM-Newton obser- 
vation, the simplest possible model, i.e. a power law ab- 
sorbed by the Galactic column density, provides a good 
fit (normalized Cash statistics is 39/36 d.o.f.) to the 0.5-8 
keV spectrum (the source is not detected above this energy: 
see Fig. [5}. The powerlaw index is F = 2.3 ± 0.3, and no 
intrinsic absorption is found at the redshift of the source 
(Nh < 6 x 10 20 cm -2 ). No significant variability is observed 
during the observation. The 2-10 (0.5-2) keV observed flux is 
2.1±0.5 (3.0T0.5) x 10 -14 ergs -1 cm -2 , corresponding to an 
absorption-corrected luminosity of 1.9±0.4 (2.5±0.4)xl0 40 



erg s . The 2-10 keV to [Oiii] luminosity ratio, once cor- 
rected for the Balmer decrement as measured in our optical 
spectrum, is log . Lx — ~ —0.5, strongly suggesting that 



J [0///] 



the source is Compton-thick (see e.g . Panessa et al.l [20061 : 
iFamastra et al.ll2009l : iMarinucci et al.ll2012T ). Although flat- 
ter powerlaw indices are expected for X-ray spectra of 
Compton-thick sources, much steeper ones are usually found 
in low-counts sources, since the dominating component is 
the soft excess which peaks where the instrumental effective 
area is larger, instead of t he Compton reflection component 
at hi gher energies (see e.g. iBianchi. Guainazzi fc Chiabergel 
I2006T I. 

This interpretation is also in agreement with the overall 
Spectral Energy Distribution (SED), shown in the left panel 
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Figure 4. IRAS01428-0404: CAHA optical spectrum and best fit (see Table HJ). 
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Figure 3. IC 1631: the XMM-Newton observation. 

EPIC pn spectrum, along with the best fit and residuals in terms 
of Ax 2 ■ See text for details. 

of Fig. [6] which resembles that of a Compton-thick source. 
The SED has been built using data from NED, SuperCos- 
mos Sky Survey (SSS) and our XMM-Newton proprietary 
data (photometric data from the Optical Monitor and re- 
binned X-ray spectrum) . The SED is corrected for Galactic 
absorption and shifted to rest frame. We fitted thi s SED with 
a set of pure AGN and pure SB templates (see iRuiz et all 
2010, for a complete description of these templates), find- 
ing as best fit model a combination of a type 2 AGN and 
a starburst. The AGN template (NGC 3393) has an Hydro- 
gen column density > 10 25 cm -2 . The starburst component 
(template from IRAS 12112+0305) is ~ 40% of the total 
bolometric output of this source. 

The only evidence potentially at odds with the 



Table 4. IRAS01428-0404: optical emission lines in the CAHA 
spectrum (see Fig 3}. 



Line 


\ 


FWHM 


Flux 


(1) 


(2) 


(3) 


(4) 


H/3 


4861.33 


275 ± 15 


5.2 ±0.3 


[Om] 


4958.92 


318 ±4 


8.7 ±0.3 


[Om] 


5006.85 


318 ±4 


26.4 ±0.4 


[Oi] 


6300.32 


400 ± 30 


3.9 ±0.3 


[Nil] 


6548.06 


360 ±4 


9.92 ± 0.12 


Ha 


6562.79 


364 ±3 


46.9 ± 0.4 


[Nn] 


6583.39 


360 ±4 


29.8 ± 0.4 


[Sn] 


6716.42 


345 ± 11 


6.6 ±0.4 


[S n] 


6730.78 


345 ± 11 


6.1 ±0.3 



Notes.- Col. (1) Ident ification. Col (2) Laboratory wavelength 
(A), in air {Bowcn 196(ij). Col. (3) km s — 1 (instrumental resolution 
not removed). Col. (4) 10 — 16 erg cm -2 s~ 1 . 

Compton-thick interpretation of IRAS 01428-0404 is repre- 
sented by the larger X-ray fluxes measured in the past ASCA 
observation. Therefore, we downloaded the ASCA data from 
the Tartarus databasqj, and re-analysed the GIS and SIS 
spectra. The 0.5-2 keV energy band can be fitted with a 
very steep powerlaw absorbed by the Galactic column den- 
sity, for a flux in the same band of (3.0 ± 0.3) xlO -13 erg 
s _1 cm -2 . In the 2-10 keV band, the source is undetected 
(3a confidence level) by the SIS0 and the GIS2, while it is 



http:/ /tartarus. gsfc.nasa.gov 
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I RAS01 428-0404 - X MM -Newton EPIC pn 

OBSID: 0550940201 
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Figure 6. Left: Spectral Energy Distribution of IRAS 01428-0404 and best fit model (black solid line). Red-dotted line is the AGN 
component and green-dashed line is the SB component. See text for details. Right: XMM- Newton EPIC pn field of IRAS 01428-0404. 
The extraction region for the pn spectrum is shown in yellow. The large green circle is the extraction region for the ASCA SIS1 spectrum, 
which includes several other bright sources (see Tabic 0. 



IRAS01 428-0404: XMM-Newton EPIC pn+MOS1+2 




Figure 5. IRAS 01428-0404: the XMM-Newton observation. 
EPIC pn (black) and co-added MOS (red) spectra, along with 
the best fit and residuals. See text for details. 



formally detected (~ 4cr) by the SIS1 and the GIS3. When 
fitted with a pure reflection component, we recover a 2-10 
keV flux of (2.3 ± 1.0)xl0~ 13 erg s" 1 cm" 2 . Both the soft 
and the hard X-ray flux are, therefore, roughly a factor of 10 
larger than in our XMM-TVeuifon observation. However, in 
the ASCA source extraction region there are several other 
sources, four of them with a comparable X-ray flux to the 
target (see right panel of Fig. [6]). None of these sources have 
been identified yet. Their X-ray spectra can be fitted with 
a simple power law, absorbed by the Galactic column den- 
sity We give basic information and X-ray fluxes in Table [5] 
for each of them. The combined fluxes of these sources and 
IRAS 01428-0404 is consistent with the ASCA observed flux 
in the 2-10 keV band, while it is still a factor of 3 lower in 



the 0.5-2 keV band. However, there is no reason to assume 
that the varying source is IRAS 01428-0404. 



4.3 Mrk273x 



Mrk 2 73x was classified as a Seyfert 2 galaxy by IXia et alj 
(|l999l ) on the basis of the large FWHM of the [O in] emission 
line and the ratio [O ni]5007/H/3 > 3. Unfortunately, during 
our optical observation the source was observed very close 
to morning twilight with very large fringing and some sort 
of electronic noise, so the spectrum is rather less than opti- 
mal, making it difficult to exclude the presence of a broad 
component of the H/3. Moreover, the redshift of the source 
(0.458) only allowed us to observe the [Oiii]5007 and H/3 
wavelength range, thus limiting our diagnostics (Fig. [7}. 
Th erefore, w e can basically confirm the results presented 
bv lXia et all (|l999T I, without shedding more details on the 
optical classification of the source and the presence of broad 
components of the permitted lines (see Tables [2] and |SJ). 
A spectrum encompassing the Ha emission line region is 
needed to settle the issue. 

In X-rays, ASCA and BeppoSAX could not spatially re- 
solve Mrk273x from the neighbour Mrk273 (|lwasawalll999l ; 
iRisaliti et al.ll2000l ) . Subsequent observations with Chandra, 
XMM-Newton and Suzaku provided an unabsorbed power- 
law spectrum, with a large luminosity (~ 10 44 er g s -1 ) and 



small variability on short and long timesca les ( Xia et all 
|2002| ; iBalestra et ail 120051 ; iTeng et al.l I2009T ). Our XMM- 
Newton observation was divided into four distinct exposures, 
all plagued by very high particle background. Even after the 
optimization method described in Sect. 13.11 the resulting 
spectrum is very poor (see Fig. |5J, and can be fitted by a 
simple powerlaw (r = 1.6^ '|) absorbed by the Galactic col- 
umn density (\ 2 = 17/20 d.o.f.). Any absorption in excess, 



© 0000 RAS, MNRAS 000, 000-000 



8 Stefano Bianchi, et al. 

Table 5. List of unidentified X-ray sources detected in the XMM-Newton observation of IRAS 01428-0404, within the source extraction 
region adopted for the ASCA observation. See right panel of Fig [6] and text for details. 



Source 


RA 


DEC 


r 


F s 






F h 






(1) 


(2) 


(3) 


(4) 


(5) 






(6) 






XMMU J014507.9-034905 


01:45:07.9 


-03:49:05.8 


1 6 +0 - 2 


2.5 


± 


0.4 


6.1 


± 


0.7 


XMMU J014525.0-035213 


01:45:25.0 


-03:52:13.0 


1 s+0-6 


1.0 


± 


0.3 


1.8 


± 


0.5 


XMMU J014531. 1-034717 


01:45:31.1 


-03:47:17.0 


2.1 ±0.6 


1.1 


± 


0.3 


1.1 


± 


0.2 


XMMU J014533.0-034731 


01:45:33.0 


-03:47:31.4 


1 6+ 04 

1,D -0.3 


1.9 


± 


0.4 


4.8 


± 


1.9 



Notes.- Col. (1) Name of the source following the naming conventions suggested by the XMM- Newton team. (2), (3) RA and DEC 
(Equatorial J2000) (4) X-ray photon index (5), (6) 0.5-2 and 2-10 keV fluxes are in 10 -14 erg s" 1 cm -2 . 



Table 6. Mrk273x: optical emission lines in the TNG LRS spec- 
trum (see Fig. 0. 



Mrk273x: XMM-Newton EPIC pn 



Line 
(1) 



(2) 



FWHM Flux 
(3) (4) 



R/3 4861.33 
[Om] 4958.92 
[Om] 5006.85 



800 ±80 3.8 ±1.9 
800 ± 80 8 ± 2 
800 ±80 27 ± 3 



Notes.- Col. (1) Ident ification. Col (2) Laboratory wavelength 
(A), in air {Bowcn 1963). Col. (3) km s — 1 (instrumental resolution 
not removed). Col. (4) 10" 




Mrk273x: TNG LRS 




7100 7200 7300 

l (A) 



Figure 7. Mrk273x: TNG spectrum and best fit (see Table©. 



at the redshift of the source, can be constrained to be lower 
than 2 x 10 21 cm -2 . A more stringent uppe r limit (4.5 x 10 20 
cm -2 ) was found by iBalestra et aD l)2005l ) with the previ- 
ous XMM-Newton observation. The 2-10 (0.5-2) keV flux is 
1.1±0.6 (0.45±0.09) xl0~ 13 erg cm" 2 s" 1 , corresponding to 
a 2-10 (0.5-2) keV luminosity of 7.3 ± 2.9 (3.0 ± 0.6) xlO 43 
erg s _1 . The 2-10 keV to [Om] luminosity ratio is, there- 
fore, log T Lx — ~ 1.6, which is perfectly consistent with 

& L[OIIl] * 1 

the source being unobscured (see e.g. lLamastra et al.l l2009), 
even considering the (unknown, due to the lack of the Ha 
emission line in the optical spectrum) Balmer decrement to 
be applied to correct for reddening the [O ill] luminosity. 



Figure 8. Mrk273x: the XMM-Newton observation. EPIC pn 
spectrum, along with the best fit and residuals in terms of A% 2 . 
See text for details. 



4.4 NGC3147 

The classificatio n of NGC 3147 as a Seyf e rt 2 w as orig- 
inally given by IHo. Filippenko fe Sargent! (11997m . ASCA 
provided the first X-ray spectrum, without si gnificant 
absor ption, as later confirmed by BeppoSAX l|Dadinal 
l2007h and Chandra, which also showed that no off-nuclear 
source can significantly con tribute to the nuclear emission 
(ITerashima fc Wilson! l2003h . The simultaneous X-rays and 
optical observations of NGC 3147 were analysed in detail by 
iBianchi et al.l ((2008) , who confirmed the lack of broad per- 
mitted lines in the optical spectrum and of X-ray absorption, 
strongly suggesting that the source is a "true type" Seyfert 
2. These conclusions were further refined thanks to a long 
broad-band Suzaku observation, which allows only for a pe- 
culiar Compton-thick source dominated by an hi ghly ionised 
and compact reflector as a viable alternative (|Matt et alj 
120121 ). However, this solution is strongly disfavoured by 
the observed X-ray variability on yearly time scales of the 
source. That the variation cannot be due to a confusing 
source is demonstrated by the fact that the highest flux has 
been measured b y the best spatial resolution satellite (e.g. 
iMatt et al.ll2012l and references therein). This again leaves 
the "true" Seyfert 2 nature of NGC 3147 as the most likely 
explanation. 
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Table 7. NGC3660: optical emission lines in the NOT spectrum 
(see Fig.0. 



Line 


M 


FWHM 


Flux 


(1) 


(2) 


(3) 


(4) 


H/3 


4861.33 


250 ± 30 


3.8 ±0.4 


[Om] 


4958.92 


280 ± 10 


4.0 ±0.3 


[Om] 


5006.85 


280 ± 10 


11.6 ± 0.5 


[Oi] 


6300.32 


240 ± 110 


0.5 ±0.2 


[Nil] 


6548.06 


200 ± 10 


3.17 ±0.13 


Ha: 


6562.79 


200 ± 10 


15.5 ± 0.5 


11a: 


6562.79 


2900 ± 500 


9.5 ±1.4 


[Nn] 


6583.39 


200 ± 10 


9.5 ±0.4 


[S ii] 


6716.42 


200 ± 20 


2.5 ±0.3 


[Sn] 


6730.78 


200 ± 20 


1.9 ±0.2 



Table 8. NGC3660: optical emission lines in the TNG spectrum 
(see Fig. [9]l . 



Line 


Ai 


FWHM 


Flux 


(1) 


(2) 


(3) 


(4) 


H/3 


4861.33 


520 ± 100 


5.1 ± 0.8 


[Om] 


4958.92 


510 ±20 


7.7 ±0.6 


[Om] 


5006.85 


510 ±20 


21.6 ±0.7 


[Oi] 


6300.32 


370* 


1.0 ±0.6 


[Nn] 


6548.06 


420 ± 20 


6.2 ± 0.2 


Ha 


6562.79 


440 ± 20 


27.0 ±0.8 


Ha 


6562.79 


2700 ± 300 


18.7 ±2.5 


[Nil] 


6583.39 


420 ± 20 


18.7 ±0.7 


[Sll] 


6716.42 


340 ± 50 


3.1 ± 0.6 


[Sn] 


6730.78 


340 ± 50 


3.7 ±0.6 



Notes.- Col. (1) Ident ification. Col (2) Laboratory wavelength 
(A), in air {Bowcn 1963). Col. (3) km s — 1 (instrumental resolution 
not removed). Col. (3) 10 — 15 erg cm -2 s -1 . 



Notes.- Col. (1) Ident ification. Col (2) Laboratory wavelength 
(A), in air {Bowcn 196(J. Col. (3) km s — 1 (instrumental resolution 
not removed). Col. (4) 10 — 15 erg cm -2 s — . 



4.5 NGC3660 



Table 9. NGC3660: NIR emission lines in the TNG NICS spec- 
trum with grism IJ (see Fig. 1101) . 



NGC 3660 was optically classifi ed as a Seyfer t 2 b y 
iMoran. Halpern fc Helfandl (|l996l ) and iGu et all l|200rj) , 
bu t as a composite/ t ransit i on Seyfert 2/starburst galaxy 
bvlKollatschnv et al.l Jl985t). IContini. Considere fc Davoustl 



l|l99ctl and IGoncalves, Veron-Cettv fc Veronl (|l999t ). 
This could be due to the presence of a very compact 
nuclear starburst detected through the 3.3 /J,m poly- 
cyclic aromatic hydrocarbon (PAH) emission feature 
l|lmanishil 120031 ). A weak broad comp onent of the Ha 
and /o r t he H/3 line was reported by Kollats chnv et all 
I 19831). IGoncalves Veron-Cettv fc Veronl (|l999l ) and 
ICid Fernandes et al.l |2004l ). after removal of the starlight. 
We show in Fig. [9] our new optical spectra: the optical 
lines ratios are more typical of a Seyfert galaxy, but we 
confirm the possible contamination by a starburst region, 
mostly in the NOT spectrum (see Table [2] and Fig. [[]). 
Both spectra also confirm the possible presence of a broad 
(FWHM~ 3000 km s" 1 ) component of the Ha emission 
line, but with a flux at most 0.7 (0.8) that of the narrow 
core, in the NOT (TNG) spectrum. Fitting a component 
with the same width at the H/3 wavelength results in an 
upper limit to the flux of only 0.1 (0.5) with respect to the 
narrow core. 

In order to confirm or reject the signatures of a (weak 
or heavily reddened) BLR in the optical spectrum, we also 
observed NGC 3660 in the near infrared, with two different 
grisms. There is no detection of any broad permitted hydro- 
gen Paschen lines in either spectra (see Fig. [TD] and Table 0. 
In particular, the tightest upper limit on a broad component 
of the Pa/3 (once fixed the FWHM to the one possibly found 
in the optical spectra) comes from the spectrum with the 
highest resolution: its flux is at most 0.4 that of the narrow 
component. Therefore, we conclude that the BLR is not vis- 
ible in the infrared, and the weak broad component possibly 
detected in the optical spectra is likely an artefact of a bad 
modelling of the continuum. 



Line 


Ai 


FWHM 


Flux 


(1) 


(2) 


(3) 


(4) 


[Sin] 


9068.6 


490 ± 50 


12.7 ±2.3 


[Sin] 


9530.6 


490 ± 50 


28.0 ±2.4 


He I 


10830.3 


490 ± 60 


22.0 ±2.2 


Pa 7 


10938.1 


490 ± 60 


3.8 ± 1.7 


[Fen] 


12566.8 


360 ± 60 


5.8 ± 1.5 


Pa /3 


12818.1 


360 ± 60 


10.4 ±2.1 



Notes.- Col. (1) Identification. Col (2) Laboratory wave- 
length (A), in air (NIST Atomic Spectra Database (ver. 4.1.0): 
http://physics.nist.gov/asd Col. (3) km s _1 (instrumental reso- 
lution not removed). Col. (4) 10 — 15 erg cm -2 s . 



In X-rays, NGC 3660 was detected in the ROSAT All- 
Sky Su rvey with a 0.1-2. 4 keV flux of 1.4 x 10" 12 erg s _1 
cm" 2 jBoller et al.l Il992l ). The ASCA spectrum is fitted 
well by a power law with no absorption above the Galac- 
tic col umn, for a 2-10 keV flux of 2.3 x 10" 12 erg s" 1 
cm -2 l|Brightman fc Nandrall2008l ). Interestingly, the same 
authors report a significant variability on short time-scales. 
The BeppoSAX data confirm the absence of absorption in 
excess to that of the Galaxy, but the 20-100 keV flux mea- 
sured by the PDS is well above what is predicted extrap- 
olating the spectrum observed below 10 keV, suggesting a 
Compton-thick absorber along the line of sight, although 
at odds with t he upper limi t on the EW of the iron Kq 
line of 230 eV l|Dadinall200"7l ). Moreover, the source is not 
detected by the Swift BAT hard X-ray survey, even if the 
reported BeppoSAX P DS flux is larger than its flux limit 
|Cusumano et al"1l2010l ). 

Our XMM- Newton data confirm the rapid variability 
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Figure 9. NGC 3660: NOT and TNG optical spectra along with best fits (see Table [7] and . 



of NGC 3660 both in the soft and in the hard X-rays, 
with no strong hints for variations of the hardness ratio 
(see left panel of Fig ITT]) . The EPIC pn and co-added 
MOS spectra cannot be fitted by a simple power law ab- 
sorbed by the Galactic column density (x 2 = 535/281 d.o.f.), 
mainly due to a clear excess below 0.8 keV. The latter 
can be modelled by a blackbody emission, at a temper- 
ature of T — 0.082 ± 0.008 keV, resulting in an accept- 
able fit (x 2 = 310/279 d.o.f.), with a power law index 
T = 1.99 ± 0.03. The addition of a neutral iron Ka nar- 
row (it = eV) emission line at an energy fixed to 6.4 keV 
produces a marginal improvement of the fit (A^ 2 = 4 for 



one less degree of freedom. Its flux is (1.8 ± 1.5) x 10" 6 ph 
cm -2 s _1 , and the EW=60 ± 50 eV. A further improve- 
ment is achieved by adding a Compton reflection compo- 
nent (modelled with pexrav, with the photon index tied to 
that of the primary powerlaw, the inclination angle fixed to 
30° and no cutoff energy), without changing significantly the 
other parameters, with the exception of the iron line, whose 
flux is now an upper limit (< 2.3 x 10 -6 ), and a rather 
unconstrained Compton reflection fraction (R — 2.4 ± 1.1). 
The fit is now perfectly acceptable (x 2 = 291/277 d.o.f.) 
and is shown in the right panel of Fig 1111 The 0.5-2 keV 
flux is (2.45 ±0.05) x 10~ 12 erg s" 1 cm" 2 , while the 2-10 
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NGC3660: XMM-Newton EPIC pn 
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Figure 11. NGC 3660: the XMM-Newton observation. Left: EPIC pn lightcurve in the full band (0.3-10 keV). Right: EPIC pn (black) 
and co-added MOS (red) spectra, along with the best fit and residuals in terms of Ax 2 . See text for details. 



keV flux is (3.09 ±0.05) x 10~ 12 erg s" 1 cm" 2 . They cor- 
respond to luminosities of (9.5 ± 0.2) x 10 41 erg s" 1 and 
(1.03 ± 0.02) x 10 42 erg s" 1 , respectively. 



4.6 NGC4698 

NGC 4698 was classifi ed as a Seyfert 2, w it h no trace 
of broad Ha by iHo. Filippenko fc SargentJ (|l997l ) and 
iHo et ail (jl997). Our optical spectrum, shown in Fig. 1121 
confirms unambiguously this classification (see Table [I0l and 
Fig. P. 

In X-rays, after th e det ection by Einstein 
IIFabbiano. Kim fe Trinchieril ll992T ), NGC 4698 was 
observed with ASCA, with a reported 2-10 keV luminosity 
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of 2.2 x 10 40 erg s _1 , and an upper limit of the order of 10 21 
cm" 2 to any neutral absorbing column density (|Pappa et al.l 
l200ll ). The high spatial resolution of Chandra showed that 
the ASCA spectrum was dominated by two nearby AGN, 
while the nuclear source has a sig nificantly lower luminosity 
oflO 39 erg s _1 (0.3-8 keV: iGeorgantopoulos fc Zezasl 
2003). However, the nuclear spectrum is still unabsorbed 
(Nh — 5 x 10 20 cm -2 ). These results were confirmed by the 
yLMM-Newton observation, even if the source extraction re- 
gion was partly c ontaminated by some off-nuclear sources in 
the h ost galaxy l|Cappi et al.ll2006l; | Gonzalez-Martin et al.l 
120091 ). 

We show in Fig. [TJ the EPIC pn fields of the old 
and our XMM-Newton observations. As already shown by 
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NGC4698: NOT 




Figure 12. NGC 4698: NOT optical spectrum along with best fit (see Tabic llO) . 



Table 10. NGC4698: optical emission lines in the NOT spectrum 
(see Fig. [12}. 



Line 




FWHM 


Flux 


(1) 


(2) 


(3) 


(4) 


H/3 


4861.33 


270* 


< 1.6 


[Om] 


4958.92 


270 ± 30 


4.9 ± 1.2 


[Om] 


5006.85 


270 ± 30 


13.5 ± 1.4 


[Oi] 


6300.32 


150* 


< 1.6 


[Nil] 


6548.06 


300 ± 30 


4.9 ±0.4 


Ha 


6562.79 


150 ± 30 


5.6 ± 1.0 


[Nn] 


6583.39 


300 ± 30 


14.8 ± 1.3 


[Sn] 


6716.42 


170 ± 50 


2.9 ±0.8 


[Sn] 


6730.78 


170 ± 50 


1.5 ±0.7 



Notes.- Col. (1) Ident ification. Col (2) Laboratory wavelength 
(A), in air {Bowcn 1 963) • Col. (3) km s — 1 (instrumental resolution 
not removed). Col. (4) 10 -15 erg cm -2 s — 

past works, the ASCA extraction region is significantly con- 
taminated, while the ~XMM-Newt on region that we chose 
contains ~ 3 off-nuclear sources, whose total X-ray flux 
contribute to ~ 40% of the obs erved flux in that region, 
assum ing the fluxes reported by iGeorgantopoulos k, Zezaa 
(2003). After having verified that there is no significant vari- 
ability during the observations and the spectra extracted 
from that region are consistent between the two obser- 
vations, we decided to co-add them. The resulting X-ray 
spectrum (shown in Fig |14|l is well fitted by a powerlaw 
(T = 1.90 ± 0.10) absorbed by the Galactic column density 
(normalized Cash=146/126 d.o.f.). Only upper limits can 



be recovered for a local neutral absorbing column density 
(N H < 1.9 x 10 20 ) and an iron Ka emission line (EW< 450 
eV). The 0.5-2 keV flux is (2.1 ± 0.4) x 10 -14 erg s _1 cm -2 , 
while the 2-10 keV flux is (3.0 ± 0.5) x 10~ 14 erg s _1 cm -2 . 
They correspond to luminosities of (5.3 ± 0.9) x 10 38 and 
(7.5 ± 1.3) x 10 38 erg s"\ respectively. The 2-10 keV to 
[O ill] luminosity ratio is log L ^ x ■ < 0.15, which is sig- 
nificantly lower than the average valu e for Compton-thin 
sources (see e.g. lLamastra et al. [2009). Moreover, this ra- 
tio is an upper limit for two reasons: first, because the H/3 
is not detected in our optical spectrum, so we only have a 
lower limit of the Balmer decrement and, therefore, to the 
intrinsic [O in] flux; moreover, the X-ray flux is an upper 
limit to the nuclear flux, which is likely to be contaminated 
by the off-nuclear sources detected by Chandra. We can de- 
rive a better estimate of the ratio by using the Cha ndra 
X-ray flux (taken from IGeorgantopoulos fc~Z czas 200^, but 
rescaled to 2-10 ke V), and th e [Qui ] flux and Balmer decre- 
ment measured by I Ho et al"] (|l997l ) . The resulting ratio is 
log L = —0.27, suggesting that the source is Compton- 

thick (see e.g. lLamastra et al.ll2009l ; iMarinucci et aTll2012l ). 
This is in agreement with the low Lx/Li2^m ratio, as re- 
ported bv lShi et al.l l|2010l ). 



4-6.1 The off-nuclear sources in the NGC 4698 field 

As a final note, it is interesting to mention the large vari- 
ability of the off-nuclear sources between the two XMM- 
Newton observations, as clearly shown in Fig. 1131 In particu- 
lar, the two sources inside the D25 of the galaxy that we label 
XMMU J124820.8±082918 and XMMU J124823.1±082802 
are detected at high significance in the second observation, 
but not in the previous one. The fit with a simple powerlaw 
with Galactic intervening absorption is acceptable for both 
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NGC4698 - XMM-Newton EPIC pn 

OBSID: 01 12551101 OBSID: 0651360401 




Figure 13. NGC 4698: XMM-Newton EPIC pn fields for the two observations. The extraction regions for the pn spectra are shown 
in yellow. The large green circle is the extraction region for the ASCA SIS0 spectrum . White crosses are the sources detected in the 
Chandra observation, apart from NGC 4698, RX J1248. 4+0831, and J124825.9+083020 jGeoreantopoulos fc Zezasll2003h . The two ULXs 
appeared in the second observation (see text and Table [TT1 for details) are marked in the right panel. 

nosity of ~ 3 x 10 37 erg s^ 1 (estimated by re-scaling its net 
counts with respec t to the net counts in the nucle us as re- 
ported in Table 1 of lGeorgantopoulos fc Zezasll2003T ). On the 
other hand, XMMU J124823.1+082802 is not detected even 
in the Chandra observation, and might be a 'new' source. 
It is indeed consistent with a possible supernova, both on 
energetics and spectral shape, since it can be fitted by an 
APEC thermal compon ent (as for SN Iln for instance, see e.g 
llmmler fc Lewin]|2003l ). although the fit cannot be statisti- 
cally preferred to a simple powerlaw. 

No apparent optical counterpart is present on the avail- 
able optical/IR/UV material, however none is from the 
epoch of the second XMM-Newton observation. ULXs are 
massive and therefore have young progenitors. It follows that 
the brightening or appearance of new sources is at odds with 
the optical classification of the n ucleus of NGC 4698 with 
a population of age T > 5 Gyr (jCorsini et alj|2~012h . We 
might speculate that the merging responsible for the nu- 
clear appearance still has an impact on the outskirts of the 
galaxy, where sta r formation is visible in t wo UV rings from 
GAL EX images l|Cortese fc Hughesll200gh at a rate of ~ 0.1 
Mq/yt (I. De Looze, private communication), or that other 
mechanisms are at work. 

4.7 Q2130-431 and Q2131-427 

Q2130-431 and Q2131-427 belong to the 'naked' AGN class, 
where the absence of broad emission lines is accompanied by 
strong o ptical variability , suggesting that the nucleus is seen 
directly i|Hawkindl2004fi . The absence of significant absorp- 
tion in the X-ray spectra was later confirmed by Chandra 
snapshots (|Gliozzi. Sambruna fc Foschinil [20071 ). The simul- 
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NGC4698: XMM-Newton EPIC-pn/MOS1+2 (0112551101+0651360401) 
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Figure 14. NGC 4698: EPIC pn (black) and co-added MOS (red) 
spectra, along with the best fit and residuals, for the combined 
XMM-Newton observations. See text for details. 



objects (\ 2 = 30/31 d.o.f. and 32/26 d.o.f., respectively), 
while more complicated spectral shapes are not required (see 
Table ITT)) . The luminosities of the two sources (~ 10 39 erg 
s _1 if at the distance of NGC 4698) put them in the Ultra- 
Luminous X-ray sources (ULX) regime, even if at the lower 
Lx range. We can interpret these sources as variable X-ray 
binaries with a BH mass of the order of ~ 10 Mq . 

In the first XMM-Newton observation, at the positions 
of these two sources we find only upper limits to the lumi- 
nosities of ~ 5 and ~ 3 x 10 38 erg s" 1 , respectively. XMMU 
J124820.8+082918 is marginally detected in the Chandra 
observation (performed one year later, in 2002) with a lumi- 
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Table 11. Properties of the two ULX candidates appeared in the new XMM- Newton observation of NGC 4698. See text for details. 



Name 


RA 


DEC 






r 


F s 


F h 


L 


(1) 


(2) 


(3) 






(4) 


(5) 


(6) 


(7) 


XMMU J124820.8+082918 


12:48:20.8 


+08:29:18.4 


1.52 


± 


0.13 


1.91 


4.6 


1.6 


XMMU J124823. 1+082802 


12:48:23.1 


+08:28:02.5 


1.56 


± 


0.16 


1.29 


2.9 


1.0 



Notes.- Col. (1) Name of the source following the naming conventions suggested by the XMM- iVewtora team. (2), (3) RA and DEC 
(Equatorial J2000) (4) X-ray photon index (5), (6) 0.5-2 and 2-10 keV fluxes are in 10 -14 erg s _1 cm -2 , (7) 0.5-10 keV luminosities 

are in 10 39 erg s — 1 



taneous X-rays and optical observati ons of Q2130-431 an d 
Q2131-427 were analysed in detail by IPanessa et all (|2009i ). 
While the optical spectrum of Q2130-431 do show broad 
components of the Balmer lines, Q2131-427 appears to lack 
broad optical lines and X-ray absorption along the line of 
sight, thus being a true Type 2 Seyfert galaxy. 



5 DISCUSSION 

5.1 Rejected candidates: IC1631, 

IRAS01428-0404, NGC4698, Q2130-431 

The Seyfert 2 nature was confirmed by our new optical spec- 
tra for all the sources of our sample (but see Sect. [4731 and 
I5.2l for the case of Mrk273x), with the exception of IC 1631 
and Q2130-431. The classification of IC1631 was ambiguous 
in the literature, but all the line diagnostics derived from 
our optical spectrum clearly put the source in the region 
populated by starburst galaxies. The X-ray data are consis- 
tent with this interpretation, requiring a star formation rate 
of ~ 10 — 15 M©/yr. Therefore, IC 1631 must be removed, 
once and for all, as a candidate unabsorbed Seyfert 2. 

On the other hand, Q2130-431 clearly shows broad com- 
ponents of the Balmer lines in its optical spectrum. However, 
notwithstanding the negligible observed Balmer decrement 
on the broad lines (3.4), the flux of the H/3 broad compo- 
nent appears quite weak with respect to the [O ill] line. How- 
ever, the ratio between the luminosity of the broad Ha line 
and the 2-10 keV luminosity (LH° ad /L 2 - io ke y ^ -1.7) is 
still within the distribution presented by IShi et all (|2010t ) 
for type 1 and intermediate AGN. Therefore, the BLR in 
this source may be somewhat weaker than in 'normal' AGN, 
but the source cannot be considered a true Type 2 Seyfert 
galaxy. 

Other two sources, IRAS01428-0404 and NGC4698, are 
very likely Compton-thick. In both cases, the optical classi- 
fication as a Seyfert 2 is unambiguous. On the other hand, 
the presence of a Compton-thick absorber cannot be di- 
rectly confirmed by the X-ray spectral analysis, because of 
the weakness of the sources. However, the low 2-10 keV to 
[O ill] luminosity ratios are quite suggestive that the primary 
X-ray continuum is absorbed by a Compton-thick material 
along the line-of-sight, while we only observe a small frac- 
tion as reflected by circumnuclear matter. If this interpreta- 
tion is correct, the two sources are standard Compton-thick 
Seyfert 2 galaxies, and must be cancelled from any list of 
unabsorbed Sy2 candidates. 



5.2 Mrk273x: a peculiar candidate 

One object of our initial sample, Mrk 273x, represents a good 
candidate as an unabsorbed Seyfert 2. However, the optical 
classification as a Seyfert 2 is only based on the lack of a 
broad component of the H/3 emission line: a spectrum en- 
compassing the Ha emission line region is definitely needed 
to settle the issue. Interestingly enough, its X-ray luminosity 
is very large (~ 10 44 erg s _1 ). Adopting different bolomet- 
ric corrections for the X-ray luminosity ( Elvis et all 1 19941 ; 
iMarconi et al. 1 120041 ; IVasudevan fc Famanll2009D . we obtain 
bolometric luminosities in the range 1 — 3 x 10 45 erg s -1 . 
Although no BH mass estimates are present in the litera- 
ture, we can have a rough one by using the FWHM of the 
[O ill] emission li ne as a proxy of th e stellar velocity dis- 
persion (see e.g . iGreene fc Hdl2005l) , and then using the 
iTremaine et all (120021) relation. With the FWHM reported 
bv lXia et all (|l999T l. we get a BH mass of ~ 1 x 10 s M®. 
Therefore, the Eddington rate of Mrk 273x would be of the 
order 0.08 — 0.2. If this source is confirmed to really lack the 
BLR, the models invoking a low accretion rate/low lumi- 
nosity regime for its disappearance would be seriously chal- 
lenged (see next section). 

This source closely resembles 1ES 1927+654, a lumi- 
nous type 2 Seyfert galaxy (L .i-2.4kev ~ 4.6 x 10 43 ergs 
sec -1 ) which revealed persistent, rapid and large scale vari- 
ations in R OSAT and Chandr a observations, and no X-ray 
absorption (|Boller et al.ll2003h . Our campaign of quasi si- 
multaneous TNG Optical/NIR and XMM-Newton observa- 
tions have confirmed the 'true' type 2 nature of this source, 
i.e., no broad optical emission line components nor X-ray 
absorption in excess to the Galactic one (Panessa et al. in 
preparation). However, the XMM-TVeuifon flux is ten times 
lower than the ROSAT one, so the engine might be still 
strongly active and variable (caught in a low flux state) or 
may be fading away. The Eddington ratio derived from the 
XMM-Newton flux is Leoi/LEdd ~ 0.01, still at the border- 
line of the critical accretion rates predicted by theoretical 
models (see next section). 



5.3 True type 2 Seyfert 2s: NGC3147, NGC3660, 
and Q2131-427 

Out of the initial sample composed by 8 sources, three, 
namely NGC 3147, NGC 3660, and Q2131-427, do ap- 
pear to simultaneously lack the broad optical lines and 
X-ray absorption along the line-of-sighl[f|. In all cases, al- 



2 The optical and X-ray observations of NGC 3660 are not 
strictly simultaneous due to technical problems, but all the avail- 
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Table 12. Main properties of the three true type 2 Seyfert 2s 
confirmed in this paper. See text for details. 



Name 


L 


M BH 


L 


bol/LEdd 


(1) 


(2) 


(3) 




(4) 


NGC3147 


0.3 - 0.7 


20 - 62 


4 x 10 


" 5 - 3 x 10" 4 


NGC3660 


1 - 2 


0.68 - 2.1 


4 x 10 


~ 3 - 2 x 10~ 2 


Q2131-427 


20 - 30 


77 


2 - 


- 3 x 10" 3 



Notes.- Col. (1) Name of the source. (2) Bolometric luminosity 
range in 10 43 erg s _1 (see text for details on the adopted methods 
for this estimate) (3) BH mass range in 10 7 Mq (see text for the 
appropriate references) (4) Eddington ratio range 

though a Compton-thick interpretation o f the X-ray spec- 
trum cannot be completely excluded (seelMatt et al.|[2012l ; 
iBrightman fe NandralkoOSl ; iPanessa et al.ll2009D . the short- 
term X-ray variability of NGC3660, the variability on few- 
years timescale of NGC 3147, and the large optical bright- 
ness variability of Q2131-427 strongly support their unab- 
sorbed nature. In order to rule out in these sources the pres- 
ence of broad optical lines as for standard unobscured AGN, 
we should compare the weak broad components compatible 
with their optical spectra to the expectations for 'normal' 
objects. 

In the case of NGC 3147, iBianchi et ail (|2008n reported 
an upper limit to a broad (FWHM=2000 km s -1 ) compo- 
nent of the Ha corresponding to a luminosity of 2 x 10 38 
erg s~ . This value is significantly lower than expected from 
the X-ray luminosity, i.e. ~ 5 .6 x 10 40 erg s -1 , c onsider- 
ing the relation presented by IStern fc Laon (|2012l ). based 
on a large sample of SDSS Type 1 AGN. Similarly, the ob- 
served luminosity of the weak broad component of the Ha 
in NGC 3660 is 6.2 x 10 39 erg s _1 , again significantly lower 
than the expected value, ~ 2.8 x 10 41 erg s _1 . For Q2131- 
427, th e upper limit ( FWHM =4000 km s" 1 ) is 8 x 10 40 
erg s _1 IPanessa et al.l |2009h . to be compared to the ex- 
pected 8 x 10 42 erg s" 1 . The same conclusions can be 
drawn by comparing the observed L H r ° ad /L2-io k c v ratios 
of NGC 3147, NG C 3660, a n d Q2 131-427 to the distribu- 
tion presented by IShi et all (|2010t ) for type 1 and inter- 
mediate AGN. In the case of NGC 3147 this is also true 
for the L^ d /vLl AGHz and L^ r ° ad /Li° Mm ratios jShi et all 
l20ld ). Therefore, in these sources the emission of the BLR, 
if present, is much weaker than the one found in common 
Seyfert Is, or the widths of the broad optical line compo- 
nents are much larger. 

Reverberation mapping studies show that the radius of 
the BLR and the bolometric lumino sity of the AGN a lways 
follow a tight L 1//2 relation (see e.g. iKaspi et al.ll2007l . who 
showed how the C IV emission line lags follow this relation 
over more than 7 orders of magnitude in continuum luminos- 
ity). This relation is naturally explained by assuming that 
the outer boundary of the BLR is determined by the dust 
sublimation radius, which is set by the continuum luminos- 
ity. Once the BLR radius is determined by the luminosity, 
the BH mass sets the velocity of the gas at that d i stance . 
In formulae, combining Eq. 2 and 6 in lStern fc Laorl l|2012l ). 



able optical spectra are consistent each other, as described in 
Sect.l4~5l 



we get the expected FWHM of the broad optical lines as a 
function of the BH mass and the bolometric luminosity of 
the AGN: 



FWHMh d 



7088 



( M E 



\W a M Q 



I Lbol \ 

VTo 44 / 



kmt 



(2) 



The bolometric luminosity of NGC 3147 can be es- 
timated from the 2-10 keV X-ray luminosity, whose av- 
erage value ar ound 3 x 10 41 erg s _1 was m easured by 
XMM - Newton (jBianchi et alj|2008l ) and Suzaku l|Matt et all 
120121 ) . Adopting d ifferent bolometr i c corrections for the 
X-ray luminosity (lElvis et al.l Il994l ; iMarconi et al. I 12004 
IVasudevan fc FabianI 120091 ). we obtain bolometric lumi- 
nosities in the range 3 — 7 x 10 42 erg s -1 . On the 
other hand, BH mass estimates in literature range from 
2.0 to 6.2 x 10 8 dMerloni. Heinz fc di Matteol 120031 ; 



iDong fc De Robertisj|2006l ). Using these estimates in Eq. [2] 
the expected FWHM for the Ha emission line produced in 
the BLR should be in the range 20 000 - 40 000 km s _1 . 
Objects with such broad lines are expected to be extremely 
rare, if existing at all (see e.g. IStern fc Laodl2012T ). 

In the case of NGC 3660, from the X-ray luminosity 
measured in Sect. 14.51 we get bolometric luminosities in the 
range 1 — 2 x 10 43 e rg s" 1 . With BH mass estimates rang ing 
from 6.8 x 10 6 Mrv\ ilMelendez. Kraemer fc Schmittll201oT ) to 
2.1 x 1O 7 M i|Wang fc Zhang||2007l) . the expected FWHM 
for the broad Ha component is 2800-6000 km s _1 . This value 
is consistent with the FWHM of the broad component pos- 
sibly detected in our optical spectra (but not confirmed in 
the infrared spectrum: see Sect. I4~5"fl . whose luminosity, as 
shown above, is significantly lower than the one expected 
from a 'normal' BLR. 

Finally, from the X-ray luminosit y of Q2131-427 and th e 
BH mass (7.7 x 10 8 Mq) reported by IPanessa et al.l l|2009h . 
we get bolometric luminosities in the range 2 — 3 x 10 44 erg 
s _1 , and an expected FWHM for the broad Ha component 
of 14 000 - 16 000 km s _1 km s _1 . These values, even if less 
extreme than those derived for NGC 3147, are still excep- 
tional. 

The weakness of the broad optical lines may be due, 
as in normal Seyfert 2s, to dust extinction. The amount of 
dust required is very large, since the broad lines are not 
pre sent even in the NIR spectra (see Sect. 14.51 for NGC 3660 
and lTran. Lvke fc Madeilhoill . for NGC 3147). However, in 
the X-ray spectra of these sources there are no signatures 
of absorption by cold gas along the line-of-sight, requiring 
an anomalous high fraction of dust associated to very little 
gas. Although deviations from the G alactic gas-to-dust ra - 
tios are very common in AGN (e.g. Mai olino et alj|200ll ). 
there is always more gas than expected, likely explained 
by the presence of absorbing gas within the dust sublima- 
tion radius (e.g. IBianchi. Maiolino fc Ri saliti 2012|, and ref- 
erences therein). The opposite situation, i.e. more dust than 
standard, would imply the presence of an unlikely physical 
mechanism able to suppress gas without destroying dust. In 
principle a very highly ionised dusty warm absorber could 
be difficult to detect in these X-ray spectra without high 
spectral resolution and high statistics. However, the prop- 
erties of such a dusty warm absorber should be much more 
extreme than t hose typically found in Seyfert 1 galaxies (e.g. 
ILee et al .l200ll . and references therein) . Alternatively, an ad- 
hoc geometry could account for dust extinction of the BLR, 
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but no gas absorption along the line-of-sight to the X-ray 
source. However, this peculiar geometry should also prevent 
us from seeing the optical broad lines even in polarized light: 
both sources have high-quality spect ro-polarimetric data, 
with no evidence for an hi dden BLR (|Trarj|2003l ; I Shi et al,l 
l20ld ; iTran, Lvke fc Madenl201lh . 

The most likely explanation for the absence of broad 
optical lines in these sources is that they intrinsically lack 
the BLR. The inability of some AGN to form the BLR 
is predicted by several theoretical models, all based on a 
rich literature ela borating the idea that the BLR is part of 
a disk wind (e.g. lEmmering. Blandford fc Shlosmanl 1 19921 ; 
iMurrav et al]|l995l ; lElvij|2000h . Evidence in favour of the 
presence of this wind in Seyfert galaxies is likely repre- 
sented by the observation of X-ray and UV absorbers out- 
flowing up to very high v elocities (e.g. Blustin et all 20051; 
iTombesi et al.l2010f ). Both lNicastrol (|2000h and lTrump et all 
(20llJ) assume that this disk wind originates at the radius 
where radiation pressure is equal to the gas pressure. If 
this radius becomes smaller than a characteristic critical 
radius, the disk wind cannot be launched, and the BLR 
cannot from. This critical radius can b e identified with the 
innerm ost la st stable orbit of a classic IShakura fc Sunvaevl 
i| 19731 ) disk (|Nicastrdl2OO0l ). or the transition radius to a 
radiatively inefficient accretion flow (| Trump et al.|[201lh . In 
both cases, the formation of the BLR is prevented for Ed- 
dington rates rh = Ltd/LEdd lower than a critical value, 
which can be expressed as rh ~ 2.4 x 10 -3 M s and 
respectively, where Mg is the BH 



1.3 x 10" 2 M, 



-1/8 



mass in units of 10 s M . The Eddington rate of NGC 3147, 
with the same considerations as above, can be estimated 
in the range 4 x 10 -5 — 3 x 10~ 4 , well below the thresh- 
olds predicted by both models. The same holds for Q2131- 
427, where rh = 2 - 3 x 10~ 3 . In the case of NGC 3660 , 
rh = 4 x 10 -3 - 2 x 10~ 2 , lower than the lTrump et all (l201ll) 
thresh old, but only marginally consistent with the Nicastrol 
(2000) one in the low end. 

iTrump et al.l |201lf ) support their model by showing an 
observational limit at rh ~ 0.01 between AGN with broad 
optical lines and (X-ray unobscured) AGN without. Another 
observational evidence of the existence of a minimum accre- 
tion rate for the formation of the BLR comes from several 
studies that point out the absence of broad optical lines 
in the spectra in polar ized light of Seyfert 2s with low 
Eddington rates (e.g. Nicastro^ Martocchia fc Matt 20031 ; 
iBian fc Gull2007l ; IWu et al.ll201ll;lMarinucci et al.ll2012h . In 
the recent analysis bv lMarinucci et al.l l |2012h . the threshold 
is found at rh ~ 0.01, which is in agreement both wi th the 
model and the data presented by I Trump et al.l |201 if ). 

Are true type Seyfert 2s rare objects? Apart from 
NGC 3147, NGC 3660, and Q2131-427, there are not many 
other strong representatives of this class in literature. If 
all true type Seyfert 2s are indeed low-accretors, their 
pa ucity should not be v ery s urprising. As already noted 
by Marinucci et all (2012) and lBianchi. Maiolino fc Risalitil 
l|2012j ). when a sizeable sample of X-ray unobscured radio- 
quiet A GN with good-qual ity spectra is analysed (e.g. 
CAIXA: [Bianchi et al.ll2009af ), only a few (< 5%) lie below 
the rh ~ 0.01 limit, with NGC 3147 and NGC 3660 among 
them. The fraction of low-accreting unabsorbed Seyfert 2 
candidates rises up to 30% in extensively studied samples de- 



rived from surveys (COSMOS: ITrump et al1l201lh . but the 
lack of simultaneous optical and X-ray observations, and the 
low quality of the X-ray spectra, prevent us from drawing 
firm conclusions on their nature as genuine true type 2 AGN. 
Interestingly, a similar fraction of ~ 25% of low-accreting 
objects are found to lack the signat ures of an hidden BLR 
in polarized light in obscured AGN (|Marinucci et al]|2012f ). 
In this scenario, these sources would represent the obscured 
counterparts of true type Seyfert 2s, the only difference be- 
ing the presence of an obscuring medium along the line of 
sight. 

A separate discussion is probably needed for the so- 
called Low Luminosity AGN (LLAGN), which are mostly 
LINERs or transition objects, with bolome tric luminosites 
significantly lower than 10 erg s" _1 (e.g. iHo et aTlll997i ; 
iTerashima. Ho fc P tak 2000). There are some LLAGN ac- 
creting at rates well below 0.01 with broad optic al emission 
lines (e.g., M81:IHo Filippenko fc Sargendll996h . Recently, 
lElitzur fc Hoi (|2009D presented a comprehensive analysis of 
a sample of LLAGN with the aim to derive observationally 
where the separation between objects with BLR and those 
without lies. The separation they propose can be expressed 



in terms of accretion rate as rh ~ 1.8 x 10 



MgJ~^ 3 , much 



low er than the one s predicted by the ITrump et all (|201lh 
and iNicastrd (|2000r ) models (with which our r esults agree), 
despit e adopting a similar disk- wind scenario. ITrump et al.l 
(|201 if) discussed in detail this discrepancy, without reaching 
a definite conclusion. It seems that the formation of the BLR 
in objects with very inefficient accretion regimes may be 
significantly different than what occurs in higher-luminosity 
AGN. Further studies on LLAGN are clearly fundamental to 
understand this issue and to shed light on the link between 
the accretion mechanisms and the formation of the BLR. 
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